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We report a combined experimental and theoretical x-ray magnetic circular dichroism (XMCD)
spectroscopy study at the Ir-L2,3 edges on the Ir
5+ ions of the layered hybrid solid state oxide
Sr2Co0.5Ir0.5O4 with the K2NiF4 structure. From theoretical simulation of the experimental Ir-L2,3
XMCD spectrum, we found a deviation from a pure Jeff = 0 ground state with an anisotropic
orbital-to-spin moment ratio (Lx/2Sx = 0.43 and Lz/2Sz = 0.78). This deviation is mainly due to
multiplet interactions being not small compared to the cubic crystal field and due to the presence of
a large tetragonal crystal field associated with the crystal structure. Nevertheless, our calculations
show that the energy gap between the singlet ground state and the triplet excited state is still large
and that the magnetic properties of the Ir5+ ions can be well described in terms of singlet Van Vleck
paramagnetism.
PACS numbers: 71.70.Ch, 75.70.Tj, 78.70.Dm, 72.80.Ga
I. INTRODUCTION
The class of iridium based oxides has attracted tremen-
dous attention in recent years. The presence of strong
spin-orbit coupling (SOC) in the 5d shell and associated
entanglement of the spin and orbital degrees of freedom
may lead to unexpected exotic electronic states. In the
present work, we focus on the layered Sr2Co0.5Ir0.5O4,
a material which we were able to synthesize as a single
phase and stoichiometric without oxygen deficiency. The
two parent compounds Sr2IrO4 and Sr2CoO4 have very
different physical properties, despite having the same
crystal structure. Sr2IrO4 is a canted antiferromagnet
with TN = 240 K, where the strong SOC leads to an insu-
lating state1. The pseudospin Jeff = 1/2 state has been
proposed as the ground state of the Ir4+ ions in Sr2IrO4
1,
with the magnetic interactions described by a Heisenberg
model2 akin to the spin-1/2 Hamiltonian used to repre-
sent the magnetic dynamics in La2CuO4. Hence, elec-
tron doped Sr2IrO4 has raised a huge interest as possi-
ble analogue of the hole doped cuprate high-temperature
superconductors3. Sr2CoO4, instead, is a metallic ferro-
magnet ( Tc = 250 K) with the Co
4+ ions in the S = 1
spin state4. Due to the very different electronic and mag-
netic properties of the two end compounds, Sr2IrO4 and
Sr2CoO4, the solid state solution Sr2CoxIr1−xO4 is ex-
pected to exhibit interesting physics.
In an early study of the Sr2CoxIr1−xO4 system, where
the authors were able to replace only 30% of Ir ions by
Co ions, the observed increase of the effective magnetic
moment was interpreted in terms of Ir4+/Co4+ valence
states with Co ions in the intermediate spin state simi-
lar to Sr2CoO4
5. However, a theoretical work6 proposed
that the introduced Co ions in the Sr2IrO4 matrix would
prefer to have a lower valence state (3+) than the 4+ high
valence and hence induce a charge state change of the Ir
ions. Indeed, following our recent successful synthesis of
Sr2Co0.5Ir0.5O4, we were able to find experimental ev-
idence in support of the Ir5+/Co3+ scenario7,8. Such a
scenario is very interesting, because the magnetic ground
state of Ir5+ has been recently subject of debate9–13. In
the limit of strong SOC and large on-site Coulomb en-
ergy U , ions with 5d4-t42g configuration are expected to
be in the Jeff = 0 ground state. However, the large SOC
and U limit has been questioned by theoretical studies,
which proposed that strong inter-site hopping may lead
to large enough superexchange interactions resulting in a
magnetic condensation of Van-Vleck excitons9 and novel
magnetic states10. Whether the recently reported low-
temperature antiferromagnetic order in Sr2YIrO6
11 is re-
lated to this novel magnetism is a topic under current
debate12,13.
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2II. EXPERIMENTAL
Synthesis of the layered Sr2Co0.5Ir0.5O4 was carried
out from stoichiometric powder mixtures of home-made
Co3O4 with IrO2 (Umicore) and SrCO3 (Alfa Aesar,
99.99%) at 1200 ◦C in air for 80 h. Co3O4 was ob-
tained by thermal decomposition of Co(NO3)2*6H2O at
700 ◦C in an oxygen flow. In order to obtain fully oxi-
dized Sr2Co0.5Ir0.5O4 samples for spectroscopic studies,
post-annealing in steel autoclaves at 400 ◦C and 5000 bar
O2 pressure was performed for five days. The phase anal-
ysis and the determination of the unit cell parameters
were performed using x-ray powder diffraction7. Transi-
tion metal cations Co and Ir are in edge-sharing oxygen
octahedra that are elongated along the c-axis. Single
crystals of Sr2IrO4 were grown by the flux method.
The XMCD spectra at the Ir-L2,3-edges were measured
at the beamline ID1214 of ESRF in Grenoble (France)
with a degree of circular polarization of about 97%. Spec-
tra were recorded using the bulk sensitive total fluores-
cence yield detection mode. The XMCD signal was mea-
sured in a magnetic field of 17 Tesla with the sample kept
at a temperature of 2 K. The Ir-L2,3 x-ray absorption
spectra for right and left circularly polarized light were
corrected for self-absorption effects. The Ir L3/L2 edge-
jump intensity ratio I(L3)/I(L2) was then normalized
to 2.2215. This takes into account the difference in the
radial matrix elements of the 2p1/2-to-5d(L2) and 2p3/2-
to-5d(L3) transitions. Magnetization measurements in
pulsed fields up to 58 T where made using a pair of com-
pensated pickup coils. The pulsed field data was than
scaled with low field data obtained by SQUID MPMS
magnetometer.
III. RESULTS
As a first step in our investigation of Sr2Co0.5Ir0.5O4,
one needs to make sure that the Ir magnetism probed by
the XMCD technique originates from the Ir5+ ions and
not from Ir4+ ions impurities. For this purpose we have
performed XMCD measurements also on pure Sr2IrO4,
as reference for Ir4+ ions sitting on the same local envi-
ronment as in the investigated compound.
In Fig. 1 we report the results of the Ir-L2,3 X-ray ab-
sorption spectroscopy experiments carried out on a poly-
crystalline pellet of Sr2Co0.5Ir0.5O4 and on a single crys-
tal of Sr2IrO4 at T = 2 K and magnetic field Bapp =
17 T. The X-ray absorption spectra were taken using
circular polarized light with the photon helicity being ei-
ther parallel or antiparallel with respect to the applied
magnetic field. The difference spectrum, called XMCD,
and the sum spectrum, called XAS, of Sr2Co0.5Ir0.5O4 (
Sr2IrO4 ) are shown in Fig. 1 as blue and red (magenta
and green) curves, respectively. In the case of Sr2IrO4
the spectra were collected in both normal and grazing
incidence with the magnetic field forming an angle of 90◦
(B⊥ab) and 20◦ (B//ab), respectively, with the ab plane.
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FIG. 1: Experimental Ir-L2,3 XAS and XMCD spectra of
Sr2Co0.5Ir0.5O4, red and blue circles, respectively, and of
Sr2IrO4, magenta and green circles, respectively. The spectra
were measured at T = 2 K and Bapp = 17 T. The vertical
dotted lines illustrate the energy shift between the spectra of
the two samples. The black dotted curves represent the edge
jumps. Bottom: calculated Ir-L2,3 XAS (red line) and XMCD
(blue line) of Sr2Co0.5Ir0.5O4.
The XMCD of Sr2IrO4 measured for B⊥ab is very tiny,
20 times smaller in size than the XMCD measured for
B//ab, in agreement with the large magnetic anisotropy
revealed by magnetization measurements16. In Fig. 1
we show only the Sr2IrO4 data collected in grazing inci-
dence. The XMCD spectrum of Sr2IrO4 is in very good
agreement with the data published in literature17.
3It is important to notice that at both the Ir-L3 and the
Ir L2 edges the XAS of Sr2Co0.5Ir0.5O4 lies about 1.3 eV
higher in energy than the XAS of Sr2IrO4, as illustrated
by the vertical dotted lines in Fig. 1. It is well known
that x-ray absorption spectra at the transition-metal L2,3
edges are highly sensitive to the valence state. An in-
crease of the valence of the metal ion by one results in a
shift of the L2,3 XAS spectra to higher energies by 1 eV
or more18–23. This shift is due to a final state effect in the
x-ray absorption process. The energy difference between
a 5dn (5d5 for Ir4+) and a 5dn−1 (5d4 for Ir5+) configu-
ration is ∆E = E(2p65dn−1 → 2p55dn) − E(2p65dn →
2p55dn+1) = Upd − Udd = 1-2 eV, where Udd is the
Coulomb repulsion energy between two 5d electrons and
Upd the one between a 5d electron and the 2p core hole.
The difference in energy position of the XAS, hence, con-
firms that the 50% replacement of the Iridium ions with
Cobalt ions in the Sr2IrO4 matrix induces an increase of
the valence of the remaining Iridium ions from 4+ to 5+.
The XMCD signal of Sr2Co0.5Ir0.5O4 at the Ir-
L3 exhibits a similar lineshape as that of Sr2IrO4.
One might then wonder whether the XMCD signal of
Sr2Co0.5Ir0.5O4 is due to Ir
4+ impurities considering that
the Ir5+ ions should be Van-Vleck ions in the strong spin-
orbit coupling limit. However, by looking carefully at the
XMCD spectra one can notice that the energy position
is different: the Ir-L3 XMCD peak of Sr2Co0.5Ir0.5O4
occurs at about 1.1 eV higher energies than that of
Sr2IrO4. Furthermore, the XMCD spectra of the two
samples at the Ir-L2 edge have completely different line-
shape: Sr2Co0.5Ir0.5O4 shows a double peak feature with
positive intensity, while Sr2IrO4 exhibits only one peak
with positive intensity on the high energy side of the Ir-
L2, and a slight negative intensity on the low energy side.
These differences in energy position at the Ir-L3 edge and
in spectral lineshape at the Ir-L2 edge demonstrate that
the XMCD signal of Sr2Co0.5Ir0.5O4 cannot be due to
the presence of Ir4+ impurities, but is related to the field
induced magnetism of the Ir5+ ions. We also would like
to note that our Sr2Co0.5Ir0.5O4 XMCD spectrum has
different details in the line shape in comparison to the
ones reported for Sr2Fe0.5Ir0.5O4 and Sr2In0.5Ir0.5O4
24.
The large difference in intensity of the dichroic signal
between the Ir L3 and L2 edges shown in Fig. 1 indicates
clearly that the Ir ions have a significant unquenched
orbital moment25. In order to extract directly from the
spectrum the ratio of orbital and spin moments we have
used the sum rules for XMCD developed by Thole et al.25
and Carra et al.26. The sum rules can be summarized as:
Lz
2Sz + 7Tz
=
2
3
·
∫
L2,3
(σ+ − σ−)dE∫
L3
(σ+ − σ−)dE − 2 ∫
L2
(σ+ − σ−)dE .
(1)
where Sz and Lz are the spin and orbital contribu-
tions to the local magnetic moment, respectively, and
Tz is the intra-atomic magnetic dipole moment. Advan-
tage of this sum rule is that it does not require a sat-
uration of the magnetic moment and can hence provide
important information. Applying the sum rules to the
Ir-L2,3 XMCD spectrum of Sr2Co0.5Ir0.5O4 gives a ratio
Lz/(2Sz + 7Tz) = 0.45(1) for Ir
5+. This value is close to
the ratio Lz/2Sz = 0.5 predicted for a Jeff = 0 system,
if one neglects Tz. However, neglecting Tz in iridates can
be very misleading. In fact, taking in account that Tz
increases going from 3d to 4d and, further, 5d transition
metals and that S = 1 for LS Ir5+ ions, then 7Tz in
Sr2Co0.5Ir0.5O4 might be actually comparable to 2Sz.
In order to circumvent this uncertainty problem related
to Tz, we have performed configuration -interaction clus-
ter calculations using the Quanty Package 27–29. The
desired information can then be directly extracted from
these calculations once the calculations can successfully
produce an accurate simulation of the experimental XAS
and XMCD spectral line shapes. The method uses an
IrO6 cluster, which includes explicitly the full atomic
multiplet interaction, the hybridization of Ir with the
ligands, the crystal field acting on the Ir ion and the
non-cubic crystal field acting on the ligands. The hy-
bridization strengths and the crystal field acting on the
oxygen ligands were extracted ab-initio by DFT calcu-
lations carried out using the full-potential local-orbital
code FPLO30. The non cubic crystal field acting on the
Ir ion was fine tuned to best fit the experimental XAS
and XMCD spectra. The parameters used in the calcula-
tions are listed in reference 31. Since we are dealing with
a polycrystalline sample, we simulated the experimental
data by summing two calculated spectra: one for light
with the Poynting vector in the xy plane and one with
the Poynting vector along the z-axis, with a weighting
ratio 2:1. As explained in a more detailed way later, an
exchange field of 16 meV parallel to the magnetic field
was introduced in the Hamiltonian in order to reproduce
the size of the experimental XMCD signal.
The calculated Ir-L2,3 XAS and XMCD spectra are
plotted in Fig. 1 as solid red and blue curves, respectively.
One can clearly see that the line shapes of the measured
Ir-L2,3 spectra are very well reproduced by our simula-
tions. The nice agreement between theory ad experimen-
tal data is also quantitative: the calculated isotropic32
ratio Lz/(2Sz +7Tz) = 0.46 is essentially identical to the
value of 0.45 extracted from the application of the sum
rules to our experimental spectra.
TABLE I: Weight of various configurations for the Ir5+ ground
state.
5d4 5d5L 5d6L2 5d7L3
7.0% 30.8% 43.3% 18.8%
The best fit to our experimental spectra is obtained
for the t2g orbitals split by an effective tetragonal crystal
field of ∆efft2g = −325 meV, where this effective crys-
4tal field includes the effect of the hybridization with the
oxygen ions. The negative sign indicates that the dxy
orbital is lower in energy than the dxz and dyz ones. A
similar negative ∆efft2g was observed also in the case of
Sr2IrO4
33,34. The value of ∆efft2g is more than 10 times
larger than the trigonal t2g splitting (10-20 meV) esti-
mated for the double perovskite Sr2YIrO6
35. Such a
large splitting is of the same order of the SOC (∼0.4 eV)
and should have consequences for the magnetic proper-
ties. Indeed, our calculations reveal that there is a strong
anisotropic effect: the ratio between the orbital and spin
moments is Lx/2Sx = 0.35 and Lz/2Sz = 0.49 for mag-
netic field applied in the xy plane and along the z-axis,
respectively. Furthermore, the calculated intra-atomic
magnetic dipole moment was found to be large along the
z-direction, i.e. Tz/Sz = −0.35, and nearly negligible in
the xy plane. i.e. Tx/Sx = −0.03. These are the values
obtained in the presence of the 16 meV exchange field.
Switching off this exchange field, we obtain Lx/2Sx =
0.43 and Lz/2Sz = 0.78, the values more relevant for low
field experiments.
Furthermore, also the parameters used in the calcula-
tions to obtain a good fit to the experimental spectra re-
veal that the Sr2Co0.5Ir0.5O4 system is strongly covalent
and thus far from ionic. Consistent with the high-valence
state of the Ir ion, the charge transfer energy is nega-
tive, i.e. ∆CT ∼ −1.5 eV. The consequence is that only
7.1% of the ground state of the Ir5+ ion has in fact the
5d4 character, while the configurations 5d5L and 5d6L2,
where L denotes a ligand hole, are dominant. See Table
1. On average, the number of electrons in the d bands
is ne = 5.73, i.e. almost 2 electrons are transferred from
the oxygens to the Ir ions.
The question now arises to what extent the Jeff = 0
state is an accurate description of the ground state of the
Ir5+ ion in Sr2Co0.5Ir0.5O4 in view of the presence of the
large tetragonal field splitting, strong covalency, and par-
ticipation of the eg orbitals in addition to the t2g. To this
end it is instructive to calculate with full atomic multi-
plet theory the relevant expectation values of the Ir ion
quantum numbers for several scenarios as listed in Table
2 (no exchange field). Starting with an ionic Ir5+ 5d5
ion in octahedral symmetry (Oh) with a large value for
the octahedral crystal field splitting of 10Dq = 10 eV,
we find that Jeff is 0.07. Here we defined Jeff = Leff
+ S, where the Leff operator is obtained by rotating the
orbital basis of the L operator to the cubic harmonics.
The rotation matrix was modified to only keep the t2g
subset of the d eigen-orbitals. After projecting out the
eg orbitals, the angular momentum operator is rotated
back to the spherical harmonics. As the covalence mixes
the d and ligand orbitals, in order to find good quantum
numbers we calculated the expectation value of the J2eff
operator acting on both the Ir-d and ligand-d shell, i.e.
acting on the total IrO6 cluster. While the ideal Jeff =0
is the value one obtains when only the t2g orbitals span
the Hilbert space, i.e when the eg orbitals are completely
projected out by making 10Dq infinitely large, the Jeff
= 0.07 value for 10Dq = 10 eV indicates that this is
already close to the ideal situation. We have also calcu-
lated the Lx/2Sx (and Lz/2Sz) ratio and found a value
of 0.49, which is very close to the expected 0.50 number
for the pure Jeff = 0 state. The magnetic susceptibility
is calculated at 1.0 x 10−3 emu/mole/Oe.
Next we lower the octahedral crystal field splitting to
the value we find in Sr2Co0.5Ir0.5O4, namely 10Dq = 3
eV. See Table 2. We find Jeff = 0.69, which indicates
that we are far away from the ideal Jeff = 0 state. Still
being in the ionic model, i.e. the hybridization with the
oxygen ligands have not been included, this finding indi-
cates that the eg orbitals contribute significantly to the
ground state of the Ir5+ ion. This mixing in of the eg or-
bitals does not take place on the one-electron level since
eg and t2g belong to different irreproducible representa-
tions in Oh, but it does take place on the multi-electron
level via the full atomic multiplet interactions. These
multiplet interactions, characterized by the Slater F 2 and
F 4 integrals, are indeed not at all small compared to the
eg-t2g crystal field splitting (10Dq) and their effect can-
not be ignored. The Lx/2Sx (and Lz/2Sz) ratio reduces
to 0.38, and also the magnetic susceptibility decreases
to 6.8 x 10−4 emu/mole/Oe, i.e. numbers that deviate
strongly from those of the pure Jeff = 0 state.
The influence of the non-cubic crystal field on the
Jeff = 0 state is also listed in Table 2. The calculations
were performed in D4h symmetry. Already in the ionic
and large 10Dq limit we can observe that the tetrago-
nal crystal field as it is present in Sr2Co0.5Ir0.5O4 causes
Jeff = 0.34 together with a strong anisotropy in the mag-
netic properties: Lx/2Sx = 0.40 vs. Lz/2Sz = 0.59, χx
= 1.3 x 10−3 vs. χz = 4.9x 10−4 emu/mole/Oe. Still in
the ionic limit but now reducing to the realistic 10Dq =
3 eV value, the tetragonal crystal field brings the system
truly far away from the Jeff = 0 situation: Jeff = 0.77
together also with strong anisotropy, i.e. Lx/2Sx = 0.28
vs. Lz/2Sz = 0.63, χx = 8.2 x 10
−4 vs. χz = 4.3x 10−4
emu/mole/Oe.
The effect of covalency is also systematically investi-
gated in Table 2. Keeping the same effective octahedral
and tetragonal crystal field splittings as in the ionic cal-
culations, we can observed that the hybridization of the
Ir 5d orbitals with the O 2p ligands has a strong effect on
the values for all relevant quantum numbers of the Ir ion:
Jeff , Lx/2Sx, Lz/2Sz, χx, and χz all deviate apprecia-
bly from the ionic case. It is difficult to find a trend here
and the only message we can learn from Table 2 is that
one has to calculate it explicitly for each case of interest.
Given the fact that the Jeff = 0 state is no longer valid
in the presence of finite octahedral crystal field splitting,
strong tetrahedral crystal field interaction, as well as co-
valency, we now study to what extent the Ir5+ ion can
still be described as a singlet Van Vleck paramagnetic
ion. In Fig. 2 we show the energy level diagram of the
Ir5+ ion in the IrO6 cluster as a function of the effective
tetragonal crystal field using otherwise the parameters
we found for Sr2Co0.5Ir0.5O4. The tetragonal distortion
5TABLE II: Calculated Jeff , orbital-to-spin ratio, and magnetic susceptibility for different scenarios.
local 10Dqeff cov. Jeff Lx/2Sx Lz/2Sz χx χz
symm. eV B//x B//z (emu/mole/Oe) (emu/mole/Oe)
Oh 10.0 ionic 0.07 0.49 0.49 1.0×10−3 1.0×10−3
Oh 3.0 ionic 0.69 0.38 0.38 6.8×10−4 6.8×10−4
D4h 10.0 ionic 0.34 0.40 0.59 1.3×10−3 4.9×10−4
D4h 3.0 ionic 0.77 0.28 0.63 8.2×10−4 4.3×10−4
Oh 10.0 covalent 0.06 0.68 0.68 3.5×10−4 3.5×10−4
Oh 3.0 covalent 0.29 0.54 0.54 8.1×10−4 8.1×10−4
D4h 10.0 covalent 0.77 0.31 0.92 9.2×10−4 1.7×10−4
D4h 3.0 covalent 0.53 0.43 0.78 1.1×10−3 3.9×10−4
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
−0.4 −0.2  0  0.2  0.4
E
n
er
g
y
 (
eV
)
∆t2g
eff
 (eV)
 0
 0.5
 1
 1.5
 2
 2.5
FIG. 2: Energy level diagram of the Ir5+ (d4) ion as a func-
tion of the effective tetragonal crystal field in a D4h local
symmetry and 10Dqeff = 3.0 eV. The vertical magenta line
indicates the ∆efft2g of Sr2Co0.5Ir0.5O4 as obtained by the sim-
ulation of the XAS and XMCD spectra. The colours line
represent the evolution of the expectation value of Jeff ver-
sus ∆efft2g . The value of Jeff ranges from 0 (red) to 2.5 (black)
as indicated by the palette on the right.
causes a splitting of the triplet Jeff = 1 excited state.
However, the singlet ground state is still well below the
first excited state Jeff = 1 even for very large values of
∆efft2g . So for Sr2Co0.5Ir0.5O4 where we found that ∆
eff
t2g
is of the same order as the spin-orbit coupling, the exci-
tation gap (235 meV) between the singlet and the triplet
states is only slightly reduced from the value expected
in a cubic symmetry (3/4 SOC = 300 meV). The col-
ors of the curves in Fig. 2 indicate the value of Jeff as
described in the above sections.
Next we calculate the magnetic properties of the Ir5+
ion versus magnetic field. As shown in Fig. 3, the cal-
culated spin and orbital moments (and the XMCD sig-
nal) are zero for both the applied magnetic field and the
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FIG. 3: Calculated spin and orbital moments as a function of
the applied field (a) or exchange field (b).
exchange field equal to zero, and increase linearly as a
function of the applied field or exchange field. This is
consistent for a Van Vleck system. We have also calcu-
lated the susceptibility as a function of temperature. In
the calculations we considered the thermal population of
the Ir5+ energy levels using a Boltzmann distribution.
The susceptibility was found to be temperature inde-
pendent with a value of χ = 8.3 × 10−4 emu/mole/Oe,
which is the isotropic average of the values listed in Ta-
ble 2. This calculated value is in nice agreement with the
value of the Van Vleck susceptibility measured by SQUID
in Ba2YIrO6 (χV V = 7.51 × 10−4 emu/mol/Oe)12,
6FIG. 4: Ir-L2,3 XMCD simulations (solid lines) calculated
using different values of Hex, together with the experimental
XMCD spectrum of Sr2Co0.5Ir0.5O4 (red circles). For a bet-
ter comparison of the line shapes, the simulated spectra are
normalized to the XMCD peak height, with the normalization
factor also indicated in the legend.
Sr2YIrO6 (χV V = 6.6 × 10−4 emu/mol/Oe)13, and
NaIrO3 (χV V = 19× 10−4 emu/mol/Oe)36. Hence, from
the above results we conclude that, despite the Jeff = 0
state is quite perturbed, the Ir5+ ions in Sr2Co0.5Ir0.5O4
are still describable as Van Vleck ions.
Finally, we would like to discuss about the exchange
field in our simulations. We introduced in the Hamil-
tonian an exchange field parallel to the magnetic field,
since the calculated XMCD signal in an applied field of
17 Tesla is 6 times smaller than the measured one. An
exchange field of about 16 meV is needed in order to re-
produce the size of the experimental XMCD spectrum.
This is illustrated in Fig. 4, where we show the XMCD
spectra calculated for 17 T magnetic field plus the pres-
ence of varying strengths of the exchange field. It is also
important to note that the introduction of a strong ex-
change field is necessary to obtain a good fit of to the
experimental XMCD spectrum: for zero exchange field
the line shape of the XMCD spectrum cannot be prop-
erly simulated, both at the L3 and L2 edges, no matter
the value of the tetragonal distortion.
To unveil the origin of the 16 meV exchange field in
our 17 T XMCD experiment, we measured the magneti-
zation and magnetic susceptibility of our Sr2Co0.5Ir0.5O4
sample using pulsed magnetic fields up to 58T at 2K. The
results are displayed in Fig. 5. We can see a practically
regular linear increase of the magnetization with field,
yielding about 0.3 µB per formula unit (f.u.) at 17 T. The
magnetic susceptibility varies around 0.01 emu/mole/Oe
over the entire magnetic field range. This value is an or-
der of magnitude larger than the magnetic susceptibility
of the Ir5+ ion, which was calculated to be 8.3 × 10−4
emu/mole/Oe on the basis of our XMCD analysis, with
similar values from the Ba2YIrO6
12, Sr2YIrO6
13, and
NaIrO3
36 compounds. This in turn implies that the large
FIG. 5: Magnetization of Sr2Co0.5Ir0.5O4 as a function of
magnetic field, together with the derived magnetic suscepti-
bility.
magnetic susceptibility of the Sr2Co0.5Ir0.5O4 compound
is caused by mostly the high-spin Co3+ ions, and that
the 0.3 µB per f.u. magnetization at 17 T is associated
with the canting of these antiferromagnetically ordered
Co ions.
With 0.5 Co per f.u. we thus find that the 17 T mag-
netic field induces a canted magnetic moment of about
0.6 µB per Co. The presence of 16 meV exchange field at
17 T felt by the Ir ions can then be attributed to the pres-
ence of canted moments at the Co sites. With each Ir ion
coordinated by four nearest-neighbor Co ions, we then
have an exchange field of 4 meV per Co neighbor having
0.6 µB moment, i.e. about 7 meV per neighbor·µB . This
seems to be not so unreasonable when considering, for ex-
ample, the case of NiO, where an exchange field is found
of 19 meV per Ni neighbor with 2 µB
37,38, i.e. about 9.5
meV per neighbor·µB . The considerations we just have
made should of course be made self-consistent. With the
16 meV exchange field, we calculate that the Ir ions ac-
quire about 0.16 µB magnetic moment, i.e. 0.08 µB per
f.u. This leaves 0.3 µB - 0.08 µB = 0.22 µB moment for
the Co ions per f.u., or 0.44 µB per Co ion, i.e. about 9
meV per neighbor·µB . The exchange field strength per
neighbor per µB is then quite similar to the NiO case.
However, the agreement is likely to be fortuitous consid-
ering the fact that we have not evaluated the energetics of
the virtual excitations involved in these super exchange
type of interactions. Nevertheless, the numbers are not
unreasonable and may serve as a first order estimate.
IV. CONCLUSIONS
We have investigated the local magnetism of the
Ir5+ ions in the layered hybrid solid state oxide
Sr2Co0.5Ir0.5O4 by employing a combined experimen-
tal and theoretical x-ray magnetic circular dichroism
(XMCD) spectroscopy study at the Ir-L2,3 edges. From
7simulations of the experimental XMCD spectrum we
found that the orbital-to-spin moment ratio is signifi-
cantly reduced compared to the value expected for a pure
Jeff = 0 ground state. We show that the combination
of atomic multiplet interactions, large tetragonal crystal
field, and high covalency brings the system away from
the ideal Jeff = 0 scenario. Nevertheless our calcula-
tions show also that the excitation gap between the sin-
glet ground state and the triplet excited state is still very
large, and that the Ir5+ ions exhibit magnetic proper-
ties, as a function of both temperature and applied field,
which are typical for Van Vleck ions.
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